UNCLASSIFIED

FY 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 2000

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602234N
PROGRAM ELEMENT Tl TLE: MATERI ALS AND RADI O FREQUENCY/ ELECTRO- OPTI CS/
| NFRARED ELECTRONI CS TECHNOLOGY

(U COsT: (Dollars in Thousands)

PROIECT FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
NUMBER & ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

Material s and Radi o Frequency/El ectro-Optics/Infrared El ectronics Technol ogy

74, 357 93, 233 68, 076 71,170 70, 662 71, 230 70, 560 CONT. CONT.

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: Thi s Program El ement (PE) provides Applied Research to support all
Navy advanced weapon and pl atform system concepts and needs in the areas of materials and el ectronics technol ogy.

Devel opnental tasks address significant inprovenents in terns of affordability; performance; and reliability to effect
transition of advanced technology to the Navy fleet. Developnent efforts are part of an integrated Departnment of Navy Science
and Technol ogy process managed by the O fice of Naval Research.

(U This PE devel ops enabling technol ogies to support nost Joint M ssion Areas, including:

(U Strike: advanced thermal managenent materials for nost platfornms to reduce wei ght and cost.

(U Littoral Warfare: acoustic signature reducing materials, torpedo warhead materials, vacuumelectronics, solid
state hi gh power and | ow noise anplifiers.

(U Joint Surveillance: real-tine targeting, connectivity, counter-janmm ng and deception, infrared (IR) sensors,
br oadband control conponents, and fiber optics technol ogy.
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(U Space and Electronics Warfare/Intelligence (SEWI): lightweight and radiation-hard satellite materials, radio
frequency (RF) solid state devices.

(U Strategic Deterrence: advanced ballistic mssile launcher materials, RF solid-state devices for secure
conmuni cati ons.

(U Forward Presence issues: high tenperature pavenments for advanced aircraft, materials for condition based
mai nt enance, RF solid state devices for secure conmuni cations, high power transmtters for precision strike.

(U Strategic Mbility: devel opnent of advanced distributed manufacturing capabilities and advanced long-life
materials for repair of aircraft at sea, ultralight materials.

(U In addition, this PE underpins the Readi ness Joint Support Area and Support and Infrastructure Joint Support Area in
the domains of affordability, environnental quality, and logistics. Prograns include environmentally acceptable coatings for
both aircraft and ships and the mai ntenance of the Navy pier and wharf infrastructure for surge capacity. This PE also
contributes to lower systemlife-cycle costs through devel opment of technol ogies that realize nore conpact, |ighter weight
el ectroni ¢ conmponents.

(U This PE supports the Ofice of the Secretary of Defense (OSD) Science and Technol ogy (S&T) Investnent Strategy in the
follow ng Future Joint Warfighting Capabilities: Real-Tine Know edge of the Eneny, Pronpt Engagenent of Regi onal Forces on
A obal Basis, Lower-End Actions, Space Control, and Countering Threat of \Wapons of Mass Destruction; materials projects
support affordabl e performance increases in radones, infrared w ndows, advanced engi nes, and platform signature reduction to
al | ow achi evenrent of mlitary objectives with m nimum casualties and coll ateral damage; materials prograns directly support
i ghtwei ght, survivable satellite and spacecraft thermal control materials to positively affect the United States (U S.)
ability to control space usage. The PE is an integral part of the foll owi ng Departnment of Defense (DoD) Technol ogy Areas:
Material s and Processes and El ectroni cs Technol ogy.
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(U Due to the sheer volunme of efforts included in the PE, the prograns described in the Acconplishnents and Pl ans
sections are representative selections of the work included in the program

(U JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because it
i nvestigates technol ogi cal advances wi th possible applications towards solution of specific Naval problens, short of a major
devel opnental effort.

(U PROGRAM ACCOVPLI SHVENTS AND PLANS

1. (VU FY 1999 ACCOWPLI SHVENTS:

(U SHORE FACI LI TIES MATERI ALS. Shore Facilities Materials provides technology for the structure of piers,
wharves, Naval/Marine Air Station runways, and other facilities required by naval |ogistics and operations, such as
magazi nes and tank farms. The work is focused on denonstrating affordable nmaterials to increase the life and reduce
mai nt enance costs of such facilities.

- (U The potential durability of conposite materials was denonstrated through characterization and material testing of
upgrades of fiber reinforced concrete waterfront structures. Success of these evaluations will reduce the maintenance
costs and provide increased lifetinme for Naval waterfront facilities. These tests were conducted at Naval Facilities
at San Diego and Port Huenene, CA, and denonstrated the useful ness of fiber reinforced concrete.

- (U Test protocols and the desired nmechani cal characteristics of prestressed carbon fiber tendons were established in
order to quantify the effects of material paraneters on the durability of nodul ar hybri de conposite/concrete structure
for use in long life piers and wharves. These protocols were used to establish testing of specinens at pier sites in
San Di ego and Port Huenene, CA
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(U Al RBORNE MATERI ALS. Airborne Materials provides technol ogy for naval aircraft, including airfranes, propulsion, and
r weaponry. It is focused on those material issues associated with carrier |andings, corrosion and affordability.

- (U Explored the benefits of berylliumalum numand berylliumtitaniumalloys for aircraft applications.

- (U Denonstrated fabrication technol ogy for conpressor outer vane/diffuser using cast ganma titani um al un ni des.
Result: increased performance and decreased cost in Naval aircraft engines.

- (U) Conpleted denonstration of 1500°F Ni-turbine disk alloy. Has led to increased perfornmance (thrust-to-weight) for
Naval gas turbine engines.

- (U Transitioned Senpen touch-up kit (priner/topcoat) to Naval Aircraft Mintenance G oups; successfully flight-
tested on F-18s and helicopters.

- (U Denonstrated non-toxic trivalent chrom umcoating for pre-treatnent of alum num alloys and post-treatnent of
anodi zed al umi num Trivalent chromumis a possible replacenment for hexaval ent chromiumwhich is restricted by the
Envi ronnental Protection Agency (EPA)

- (U Inproved corrosion sensor systens for condition-based mai ntenance nonitoring of aircraft corrosion by replacing
hard-w red dat al ogger systens with a radi o transceiver systens capabl e of downl oading corrosion data to a lap-top
conmputer. This provides needed technol ogy for Navy inplenentation of condition based mai nt enance.

- (U Conpleted exploration of cost effective processing routes for high strength dianond material for applications
such as infrared mssile donmes and w ndows.

(U SEABORNE MATERI ALS. Seaborne Materials provides technology for all ship, submarine, and related materials needs,
cluding hull materials, machinery materials, coatings of all types, and seaborne weapons materials. This work provides
e enabling capabilities for reduced cost and mai nt enance, inproved performance, and reliable operations.

- (U Initiated environmental |y acceptabl e coating system devel opment for non-magnetic ship hulls required for stealth
and m ne counternmeasures.

- (U) Devel oped corrosion sensor systemfor determ ning the protectiveness of coatings in ship ballast tanks for

i npl enent ati on of condition based mai nt enance.

R-1 Line Item 10
Budget Item Justification
(Exhibit R-2, Page 4 of 20)

UNCLASSIFIED



UNCLASSIFIED

FY 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 2000

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602234N
PROGRAM ELEMENT Tl TLE: MATERI ALS AND RADI O FREQUENCY/ ELECTRO- OPTI CS/
| NFRARED ELECTRONI CS TECHNOLOGY

- (U Devel oped new LC- 100 welding wire, with transition to prototype production heat for NSSN & CVN-77, to m nim ze
costly preheat and elim nate hydrogen cracking for nore affordable and reliable ship and submarine construction with
advanced hi gh strength steels.

- (U Explored strength, fracture, and weldability characteristics of non-magnetic stainless steel for ship hul
structures with reduced signature.

- (U Denonstrated extraordi nary dynamc fracture resistance in very lowinterstitial titaniumalloy for ship and
submarine application to enhance survivability.

- (U Explored high strength, corrosion resistant fastener alloys for marine applications.

- (U Conpl eted devel opnent of HSLA-65 steel for naval construction/transition to CVN77

- (U Conpl eted devel opment and expl oration of the plasma quench process to produce | ow cost titanium powder.

(U M SSI LE/ SPACE MATERI ALS. M ssil e/ Space Materials provides technology for tactical ballistic mssile needs,
|nclud|ng t hermal managenent materials for power generation and protection, and spacecraft thermal straps and doublers.
VWhile this effort focuses on problens associated with naval systens, it is jointly planned and coordinated with Arnmy, Air
Force and Defense Advance Research Project Agency (DARPA) efforts.

- (U Denonstrated fabrication technology for affordable and reliable | ow cost hybrid materials for reentry vehicle

heatshiel d applications. Result: |ower cost replacenents for defunct heat shield materials.

- (U Denonstrated the benefits of ceramic materials for protection of propul sion conponents and other high tenperature

i mpi ngenent applications in terns of predictive nodels and material screening test devel opnent.

Result: reduced cost and inproved engi ne performance for Naval mssiles.

- (U Eval uated advanced ceramc materials in rocket environment. Result: higher operating tenperatures

and greater reliability for Naval m ssiles.

(U MILTI-M SSI ON MATERI ALS. Multi-mi ssion materials provides devel opi ng technol ogi es for prom sing naval applications
such as bionolecular materials for antifouling coatings on ships. It also supports materials technol ogi es for naval
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systens across a broad spectrum such as |aser eye and sensor protection as well as sensor/transducer materials for sonar
and conditi on based mai nt enance applications.
- (U Denonstrated a conputer programto nodel non-linear optical materials in optical limting devices for |aser
eye protection. Such materials have the potential for frequency agile protection for Marine Corps.
- (U Denonstrated a systemand controlling software for a reliable ultrasonic tonography that alleviates the problem
of refraction to increase the ability to rapidly inspect aging platforns.
- (U Denonstrated i nproved processing technol ogy reduci ng the cost of mcrotubule materials and conposites for
advanced shi pboard applications and transferred to industry.
- (U Analyzed the inpact of piezocrystals on torpedo gui dance sonar transducers produced a design exhibiting 12dB
source | evel increase and a bandwi dth increase from10 to 35 kHz in a transducer |ess than one-third the size and
wei ght of present piezoceramn c devices.
- (U Denonstrated the use of nanostructured tungsten carbide cobalt (WX Co) coatings was denonstrated by fabrication
and testing of selected prototype conponents.
- (U) Devel oped techniques for fabrication of nanostructured ceram c and al umi num matri x conposite coatings were
carried out. Production of nanostructured feedstock materials was scaled to pilot plant capacity. Result: maintenance
cost reduction due to repair versus replacenent for ship and submarine machi nery conponents.

- (U RF SOLI D STATE DEVI CE AND CONTROL COVPONENTS. Provides for the generation, radiation, reception, control and
processing of Utra H gh Frequency (UHF), Very H gh Frequency (VHF), Mcrowave (MN, and MIlinmeter Wave (MW power for
Navy al | -weat her radar, surveillance, reconnai ssance, electronic warfare (EW, conmmunications, and smart weapons systens.
The technol ogy devel oped cannot be obtained through Commercial Of the Shelf (COIS) as a result of the requirenents
pl aced on power, frequency, linearity, bandw dth, weight, and size. Beginning in fiscal year 1998 the M croel ectronics
thrust has been nerged with RF Solid State and Control Conponents to highlight the increasing digital RF enphasis of
M croel ectroni cs.

- (U Continued to devel op 80 kW Whband dupl exer for Navy’'s 94 GHz radar program
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- (U) Devel oped design paraneters for heterojunction varactor for use in conpact, high Q tunable bandpass filters and
oscillators for transmt/receive (T/R) nodul e applications.

- (U Continued to devel op I nGaP/ GaAs heterojunction bipolar transistors for applications in pul sed Ka-band phased
arrays for dual node, el ectronic counterneasure resistant hyper-velocity strike weapon conformal apertures.

- (U Denonstrated device technol ogy for |ow power, |ow volt sub 500nm — 250nm CMOS/ Si Ge with T-gate structures in 50nm
thick Thin Film Silicon-on-Sapphire (TFSCS). These devices, which have frequency performance in excess of 50 GHz,

al | ow devel opment of RF anal og front end receiver, 16-bit, 125 negasanpl es/sec and 10-bit, 2.6 gi gasanpl es/sec anal og
to digital (A/D) converters, for use in digital receiver (X-band)/electronic warfare(EW/comunication/signal
intelligence.

- (U Denonstrated the anal og portion of |ow power, high-resolution 2 — 5 kil osanpl es/sec A/D converter for sonar,

shal | ow water Anti Submarine Warfare (ASW applications.

- (U Denonstrated conmponents of 16 bit, 125 nmegasanpl es/sec A/ D converter for application to wi de bandw dth digital
ASWreceiver to neet Navy nulti-channel acoustic systens requirenents.

- (U Continued devel opnment of 25 channel Continuous Wavel et Transformcircuit for EWsignal identification
applications.

- (U Continued to develop 6.1 Angstrom materials for high frequency applications.

- (U Denonstated conponents of 4-bit 10 gi gasanpl es/sec A/D converter for application to w de bandw dth radar warning
receiver (RAR) to neet Navy nulti-channel EWsystem requirenments.

- (U Devel oped 14 watt GalliumNitride (GaN) X-band anplifiers for high power transmitter applications.

- (U Devel oped GaN heterojunction field effect power transistors for next generation el ectronmagnetic (EM power
anplifiers.

(U VACUUM ELECTRONI CS. Provides for the generation and reception of MN MWV and sub-nmillineter wave power. The

t echnol ogy bei ng devel oped is not avail abl e through COTS because of the power and size requirenents.

- (U) Devel oped hi gh-power, hi gh average power (10kw), noderate bandwi dth (600 MHz) gyroklystron for Navy 94 GHz radar
progr amns.
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- (U Continued to develop a 2 di nensional/3 dinmensional (20/3D) electron gun and col | ector design code for vacuum
devi ces.

- (U) Devel oped an ultra-w de band vacuum power booster for EWapplications.

- (U Continued to devel op a high-duty, w deband gyro-TW to support radar and EWapplications at mllineter-

wavel engt hs.

(U)

EQ' I R TECHNOLOGY. Provides for the development of IR focal plane arrays to detect targets agai nst various

backgrounds; RF photonics technology to i ncrease the bandw dth and reduce the size/weight of phased arrays; and IR
transmtting fibers for EWapplications. The technol ogy bei ng devel oped is not avail able through COTS, which is
primarily focused at 1.3-1.55um whereas Navy requires electro-optic devices and conponents in the threat bands of 2.0-
2.5, 3.5-5, and 8-12um

- (
- (
- (
t he
- (
- (

U) Continued to devel op a 256 x 256 adaptive infrared focal plane array (IRFPA).

U) Continued to devel op optical mcrowave Iink with external |ithiumniobate nodulators at 20 GHz.

U) Denonstrated 25mN phot odetector at 8GHz for higher sensitivity renotabl e antennas; perfornmed initial study of
rmal effects on high power detectors with resultant new device design in fabrication.

U) Continued to develop a 3 band IR detector to enhance perfornmance agai nst counterneasures and stealthy targets.
U) Continued to develop md-IR fibers with low | oss region and i nproved fiber fabrication techni ques achieving high

tensile strength fibers.

U) Continued to reduce fiber defects and optimized fiber preparation to achi eve power damage threshold > 1.2 GW cnf.

U) Continued devel opnent of broadband, high damage threshold anti-reflection (AR) coatings for 2 - 5 nmregion.

U) Continued to devel op cabling techni ques for ruggedi zed, thermally tol erant one-neter cables.

U) Continued to evaluate InAs/InGSb grow h techniques.

U) Continued to devel op small pixel 2-color mdwave Focal Plane Array (FPA) for missile threat warning applications
shi pboard Infrared Search and Track (I RST).
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(U ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY. Wth the advances that are currently being made in
el ectronics there exists a strong opportunity to realize multifunctional systenms that integrate the functions of radar,
EW and conmunications into a pair of transmt and receive apertures over a broad bandwidth. It should be noted that
this programis in contrast to the Air Force (AF) and Joint Strike Fighter (JSF) prograns in that it treats both the
transmt and receive functions in separate apertures. This approach avoids the need for tinme allocation of different RF
functions and therefore offers the opportunity for nore massive integration of RF functions into the pair of apertures.
As a result, this integrated thrust has been fornmed and the current program enhanced to capitalize upon ongoi ng and
pl anned applied research to devel op RF solid state and photonic devices. This programis coordinated with JSF and the AF
and has an oversight group with representatives from Space and Warfare Systens Command ( SPAWAR), Naval Air Systens
Command (NAVAIR), Program Executive Ofice (PEQ DD 21, PEO Theater Air Defense/ Surface Conbatant (TAD SC), Comon
Support Aircraft (CSA), N86 and N6. Specific efforts include:
- (U Continued to develop a continuous wave (CW ultra broadband, ultra linear (cross nodul ati on products 28 dbm bel ow
fundanmental signal) conpact anplifiers suitable for use in next generation wi de area surveill ance systens.
- (U Continued to devel op a superconducting A/ D capable of 19 bits of dynam c range over a 20 MHz spectrumfor use in
reduci ng background clutter in littoral warfare surveillance operations.
- (U Continued to develop an RF transnmit and receive beanform ng network for the generation of sinultaneously nultiple
frequency i ndependent RF beans capabl e of beansteering over + 60 degrees from boresight on transmt and receive with
control structure that preserves a 500 MHz instantaneous RF bandw dth for each beam
- (U Fabricated wi de bandgap sem conductors and began testing of |ow parasitic bipolar mcrowave power anplifier.

2. FY 2000 PI an:

(U) SHORE FACI LI TI ES MATERI ALS.
- (U Start tests on sanples subjected to freeze/thaw cycles, oxidation, and photothermal conditions to ascertain
their effects on the bond of carbon/epoxy to concrete.
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- (U Conclude analysis and testing to characterize the bond of carbon fiber reinforced plastic (CFRP) rods and
tendons in high strength Iightweight concrete. Conclude testing and analysis of glass fiber reinforced plastic (GFRP)
under environnental exposures and derive durability factors for use in design of waterfront structures.

(U Al RBORNE MATERI ALS

- (U Explore fabrication technology for inproved single crystal/polycrstalline Ni conpressor disks. This will result
in inmproved performance and | ess weight in Naval aircraft engines.

- (U Explore feasibility of oxidation resistant M-Alloy w 2500°F capability. This will result in revolutionary
performance i nprovenments in Naval aircraft engines.

- (U Evaluate radio activated corrosion sensor systens for condition based mai nt enance i npl enentati on on H 60

hel i copters.

- (U Evaluate susceptibility to stress-corrosion cracking of alum numalloy joints produced by friction stir wel ding.
Friction stir welding elimnates need for fasteners in aircraft construction, resulting in weight saving.

(U) SEABORNE MATERI ALS
- (U Explore inproved anticorrosive coatings for non-magnetic ship hulls required for stealth and m ne
count er neasur es.
- (U Evaluate corrosion sensors for ship ballast tanks for inplenmentation of condition based mai nt enance.
(U Explore centrifugal and sedinmentation casting for superior durability/life extension of ship shafting and seals.
(U) Devel op high strength, corrosion resistant fastener alloy for marine applications.
- (U Explore property/structure/weldability relationships for |ower carbon higher strength/toughness steels.
(Y
(Y
roi

Identify materials upgrades for long |ife seawater valves to reduce total cost of ownership.
Expl ore gui ded wave ultrasonics for detecting corrosion/erosion in shipboard piping wthout renoving insulation
nmpl ement ati on of condition based nai nt enance.

fo
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- (U Evaluate strength, fracture, and weldability characteristics of stainless steel and other nonmagnetic alloy for
ship and submarine structures with reduced signature.

- (U Design, fabricate and test inproved fender systemusing fiber reinforced urethane conposites.

- (U Investigate fire resistance and | ow vel ocity inpact damage of carbon reinforced pol yurenthane as candi date

i ghtwei ght, non-magnetic material for construction of ships for signature reduction

- (U Denonstrate new M L-100S wel ding wire designed to enable nore affordable and reliable welding of high strength
steels in ship and submari ne construction through reduction of preheat and elimnation of hydrogen cracking for
construction and nai nt enance cost reduction

- (U Devel op i nproved nodel s of deformation and fracture of hull materials, for incorporation into conputer codes to
simul ate response of ship and submarine structural materials to underwater explosion, in cooperative program between
U S. and CGermany.

- (U Explore innovative, nore affordabl e processes for inproved wel ding of ship/submarine structural materials,

i ncl udi ng non-magnetic stainless steel to reduce signatures and provi de m ne counter neasures.

(U M SSILE/ SPACE MATERI ALS.

- (U Investigate Refractory netal (Hf, Ta) spraying process for fabrication of |ow cost nmetal nozzles which wll
i ncrease performance and reduce cost in mssile engines.

- (U) Devel op oxidation nodels for ceramc systens of interest (HHC, H'W HfB2) which will result in inproved
performance and reduce devel opnment costs for mssile propul sion systens.

- (U Investigate novel cost-reducing processing nethods for carbon conposite mssile heat shields.

(U MILTI-M SSI ON MATERI ALS.

- (U Explore new formul ati ons of phthal ocyani nes that do not show performance degradati on at high fluences
(energy/area) for advanced |aser eye and device protective devices.

- (U Denonstrate new | aser technology to characterize hydraulic fluids and lubricants and predict machine condition
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- (U Denonstrate the performance of single crystal piezoelectrics (high sensitivity-2 Octave Bandw dth) in high
frequency ultrasonic inmaging transducers.

- (U Use of nanostructured oxide ceram c coatings will be denonstrated by fabrication and testing of sel ected
conmponents. Techni ques for fabrication of nanostructured N -based alloy coatings will be devel oped for multi-m ssion
applications.

(U RF SOLI D STATE DEVI CE AND CONTROL COMPONENTS.

- (U Denonstrate highly conpact, high Q tunable notch filter for T/R nodul e applications.

- (U Denonstrate GaN heterojunction field effect power transistor for 6 - 18 GHz operation for next generation

el ectric/mgnet (E/M nagnetic power anplifiers.

- (U Continue the devel opment of GaN based high electron mobility transistor (HEMI) in the 1 — 18 GHz spectrum and
connected as class B, push-pull for maximumefficiency and linearity for ultra w deband nm crowave power nodul e (MPM
applications.

- (U Denonstrate 25 watt GaN X-band anplifier for high power transmtter applications.

- (U Develop a programmable tinme delay hybrid circuit for inproving co-site interference canceller accuracy over very
hi gh frequency (VHF) operation bandw dt h.

- (U Denonstrate SiGe T-Gate structures with Ft, Fnax > 100 GHz and equal p/n channel Medal Oxi de Senmi conductor Field
Ef fect Transistor (MOSFET) nobilities to mnimze CMOS circuit area.

- (U Apply and transition the technol ogy of Conplenentary Metal Oxide Silicon (CMOS) | ow voltage, |ow power sub 250nm
— 100nm Si Ge with T-gate structure in 50nm — 30nm TFSCS for the inplenmentation (design, fabrication and denonstration)
of K-band (40 GHz) | ow noise analog front-end receiver functions and 4 bit, 20 gigasanpl es/sec A/D converters using two
tinme-interleaved 4 bit, 10 GSPS A/ D converters.

- (U Denonstrate a 25 channel Continuous Wavel et Transformcircuit for EWsignal identification.

- (U Develop 6.1 Angstrommaterials for ultra-1ow power, high frequency applications.
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- (U) Devel op very conpact, high power density, reliable, and affordable Ka band heterojunction bipolar transistor

(HBT) devi ces having InGP/ 1 nGaAs enitter-base materials conmposition for all-weather multi-node conformal array gui dance
weapon systens to conbat snall radar cross-section (RCS) lowflying anti-ship (and other anti-high value target) cruise
m ssi |l es.

(U) VACUUM ELECTRON CS.
(U) Develop an ultra-w deband m crowave power MPM for EW applications.
- (U Develop vacuum power booster technology for a 2-D array MPM for phased array applications.
- (U Devel op an airborne conpatible gyroklystron with gridded el ectron gun for high pul se repetition frequency (PRF)
radar to provi de unanbi guous Doppl er at W band.
- (U) Devel op design for gridded el ectron beam gun for the airborne capabl e gyroklystron using 3D el ectron gun code.
- (U Develop 2D 3D el ectron gun and col |l ector design codes for vacuum devi ces.
- (U Devel op high brightness scandate cat hode for high perveance traveling wave tubes (TWS) to increase reliability
t hrough | ower operating tenperature.

(U) EQ | R TECHNOLOGY.

Denonstrate 3.3 V Pi nodul ator at 20 GHz and i nproved packagi ng.

Devel op optical mcrowave link with external |ithiumniobate nodulators at 20 Gz.

Devel op 256x256 adaptive two color |IRFPA for increased clutter and background rejection.

Denonstrate a three color IR detector to enable discrimnation agai nst advanced count er measur es.

Devel op a small pixel color discrimnating | RFPA for wide field of view shipboard IRST for the theatre mssile
defense interceptor applications and mssile threat warning applications.

- (U Optimze fiber fabrication techniques to achieve goal of 0.1 dB/mloss in 2 - 5 mmregion and proof-test fibers
to goal of 50,000 psi for EWapplications. Reduce AR coatings reflectance to 2%in 2 - 5 nmregion. |nprove optical

EEEEE
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power damage threshold to achieve goal of 1.5 GNcnR2 in AR coated fibers. Devel op cabling techniques for 10 mlength
cabl es which are ruggedi zed and neet system environnental specifications.

- (U Evaluate InAs/InGSb growth techni ques.

- (U Develop 6.1 Angstrommaterials for high performance IR detection and md IR | asers.

(U) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY.

- (U Denonstrate noderate power CWultra broadband (1 - 18 GHz), ultra linear (cross nodul ati on products 28dbm bel ow
fundanmental signal) conpact anplifiers suitable for use in next generation multifunctional w de area surveillance
systens and al so suitable for use as drivers in mcrowave power nodul es.

- (U) Develop |l ow parasitic bipolar mcrowave power anplifier for the 1 - 5 GHz spectrum

- (U Denonstrate critical conponents for a 100 GHz | ogi c-derived m crowave synthesizer for 1 - 5 Gz output.

- (U Select final approach to A/D converter with real-tinme adjustment of resolution vs. bandw dth and suitable for use
wi t h advanced multifunctional RF systens. Utilize 100 GHz capable digital technologies to develop alternative A/D
converters each programmable to trade resolution for bandwi dth and thus be usable at will for ship self defense or w de
band signal interception.

- (U Continue the devel opment of a nulticonponent nodel for antenna isolation and coupling to assess options for
mnimzing interference and self-jamm ng of nultifunction apertures.

3. FY 2001 Pl an:

(U) SHORE FACI LI TI ES MATERI ALS.
- (U Conduct |aboratory tests to characterize system performance and durability of scal ed hybrid conposite/concrete
conponents having integral fault nonitoring systens.

R-1 Line Item 10
Budget Item Justification
(Exhibit R-2, Page 14 of 20)

UNCLASSIFIED



UNCLASSIFIED

FY 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 2000

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602234N
PROGRAM ELEMENT Tl TLE: MATERI ALS AND RADI O FREQUENCY/ ELECTRO- OPTI CS/
| NFRARED ELECTRONI CS TECHNOLOGY

- (U Develop an enpirical basis defining relationships between material constituents and performance properties of
hi gh strength, |ightweight concrete for marine applications.

(U) Al RBORNE MATERI ALS

- (U Continue exploration of advanced turbine disk fabrication technol ogy using single crystal and polycrystalline N
alloys. This will result in inproved performance in naval aircraft engines.

- (U Expand exploration of oxidation resistant Mo-Alloys with greater than 2500°F capability. This will result in
revol uti onary engi ne performance.

- (U Explore thermal barrier coating technol ogy for oxidation resistant M>-Alloys to enhance operating tenperature by
at least 200 F.

- (U Identify cadm umrepl acenent technologies to fleet to conply with EPA regul ati ons.

- (U Evaluate radio activated corrosion sensors in P-3 operational aircraft for inplenmentation of condition based

mai nt enance.

- (U Evaluate corrosion prevention applique technology in operational carrier environments to reduce hazardous

mat eri al di sposal costs.

(U) SEABORNE MATERI ALS

- (Ulntegrate conposite and multifunctional technol ogies for reduced signature and weight in ship topside design

- (U) Devel op innovative, nore affordable processes for inproved welding/joining of ship structural materials,

i ncl udi ng non-magnetic stainless steels to reduce signature and provi de m ne count er measur es.

- (U) Develop centrifugal and sedinmentation casting for superior durability/life extension of ship shafting, seals, and
ot her machi nery.

- (U Conpl ete devel opnent of high strength fastener alloy for marine applications.

- (U Investigate advanced | ow carbon high strength steels for weldability and survivability.
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- (U Investigate non-magnetic alloys in regard to strength, fracture behavior, fabrication, and corrosion protection
for ship hull application to reduce signature.

- (U Develop inproved fire-resistant, |ow cost conposite material systens to enhance fire-fighting capability.

- (U) Develop prediction capability for underwater explosion |oaded hull structural material with rupture to inprove
warfighting ability.

- (U Continue evaluation of environmentally acceptabl e coatings technol ogy for non-magnetic ship hulls required for
steal th and m ne counternmeasures.

- (U Continue evaluation of corrosion sensors in ballast tanks of operational ships to enable inplenmentation of
condi ti on based mmi nt enance.

- (U Eval uate upgraded seawater valves in operational ship systenms to reduce total cost of ownership.

- (U Transition guided wave ultrasonics corrosion/erosion detection technology to fleet to enable inplenmentation of
condi ti on based mmi nt enance.

(U M SSILE/ SPACE MATERI ALS.

- (U Explore advanced processes for fabrication of conponents for missile engines for cost reduction and i nproved
reliability.

- (U Expand and refine oxidation nodels for high performance/l ow cost mssile propul sion systens.

- (U Continue exploration of advanced carbon/carbon processing for advanced m ssile heat shields.

(U MUILTI-M SSI ON MATERI ALS.

- (U Denonstrate the effectiveness of nmetal nanoshell technol ogy for advanced | aser eye protective devices.

- (U Synthesize new pht hal ocyanines with inproved optical limting properties.

- (U Denonstrate high strain capability (nore than triple conventional piezoceram c devices) in a multilayer actuator
fabricated fromrel axor piezoelectric crystals.
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- (U The use of nanostructured ceramc, Ni- and Al -based alloy, and cernet coatings will be qualified and transitioned
to shi pboard use for repair and refurbi shment of existing equipnment and for life extension of new equi pnent.

(U RF SOLI D STATE DEVI CE AND CONTROL COMVPONENTS.

- (U Determ ne maxi nrum CW power output for a GaN heterojunction field effect power transistor for 6 - 18 Gz operation
for next generation EM power anplifiers.

- (U Denonstrate GaN based high electron nobility transistor (HEMI) in the 1 - 18 GHz spectrum and connected as cl ass
B, push-pull for maxi mumefficiency and linearity.

- ( Devel op MPM conpati bl e solid-state control components for phased array applications.

- ( Establ i sh tunabl e band-reject active filter concept with prototype denonstration.

- ( Denonstrate | ow power high performance of logic circuits based on 6. 1A materials.

- ( Denonstrate hi gh power density Ka-band I nGaP/1 nGaAs HBTS for applications in all-weather nulti-node conformal

arr m ssil e gui dance systens to conbat |ow RCS, |owflying cruise mssiles.

- ( Devel op a functional multi-el ement coupl ed-cavity phased-array nodul e and denonstrate power anplification, digital
phase shifting and radi ated power beam steering.

cgcecee

(U) VACUUM ELECTRON CS.

- (U Develop an efficient, highly linear MPM for digital and w deband communi cations systens applications.

- (U Develop an asymmetric depressed collector using 3-D design code to provide for enhanced array conpactness.

- (U) Devel op non-therm oni c cathodes based on wi de bandgap materials for the lowemttance el ectron guns required for
next generation mllinmeter-wavel ength anplifiers.

- (U Devel op wi deband gyro-TWI for airborne and shi pboard non-cooperative target recognition (NCTR), conbat ID, and
theater ballistic mssile defense discrimnation applications.

- (U Continue coupled cavity TWI and el ectron desi gn code devel opment to achi eve first-pass design success in vacuum
electronic anplifiers.
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(U EQ I R TECHNOLOGY.

- Denonstrate and transition 256 x 256 adaptive |IRFPA to Naval Air Warfare Center (NAW) China Lake.
Denonstrate 1024 x 640 readout for the 2 color small pixel |RFPA

Devel op a three color I RFPA to enabl e discrimnation agai nst advanced count er neasures.

Devel op a small pixel two color discrimnating |RFPA

Devel op integrated bal anced photoreceivers with high current to suppress noi se by > 15 dB.

Devel op heterodyne transmitters for increased power handling and noi se suppression.

Devel op reconfigurable routing for shared utilization of platform broadband dat a.

Devel op broadband wavel ength di vision nultiplexing for anal og and digital signal processing.

- (U Develop lowloss fiber with loss < 1dB/mfor |long wave infrared region (8 - 12 nm) and devel op technol ogy to nake
coherent bundles to couple to IR focal plane array detectors for infrared counterneasures (I RCM applications.
- (U Denonstrate performance potential of detectors and | asers based on 6.1 Angstrom materi als.

ccceccece

(U) ADVANCED MULTI FUNCTI ONAL RF SYSTEM SUPPORT TECHNOLOGY.

- (U Denonstrate 3 Watt output CWultra broadband (1 - 18 GHz), ultra linear (cross nodul ati on products 28dbm bel ow
fundanmental signal) conpact anplifiers suitable for use in next generation multifunctional w de area surveillance
systens and al so suitable for use as drivers in mcrowave power nodul es.

- (U Determ ne maxi num power output obtainable for a | ow parasitic bipolar mcrowave power anplifier for the

m crowave synthesizer for 1 - 5 GHz output with internal phase and frequency nodul ated signal s.

- (U Denonstrate an A/D converter with real-time adjustnent of resolution vs bandwi dth and suitable for use with
advanced nultifunctional RF systens to provide a m nimumof 500 MHz bandwi dth and 9 bits of resol ution.

- (U Denonstrate a conpact, ultra | ow phase noi se source of pure tones at 10, 94, and 190 GHz as a clocking source for
t he Advanced Multifunction Radi o Frequency System (AMRFS) high speed digital signal processing circuits and true tine
del ay beam steering network.
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DATE: February 2000

PROGRAM ELEMENT Tl TLE: MATERI ALS AND RADI O FREQUENCY/ ELECTRO- OPTI CS/
| NFRARED ELECTRONI CS TECHNOLOGY

PROGRAM CHANGE SUMVARY:

FY 2000 President’s Budget:
Appropriated Val ue

FY 1999 SBI R/ STTR Transfer
Executi on Adjustnents
Inflation Adjust nent

Pr ogr am Adj ust nent

Conparability Adjustnent to 0602232N:

Congr essi onal Pl us- Ups

Congr essi onal Resci ssion
Various Rate Adjustnents:

FY 2001 PRESBUDG Submi ssi on:

CHANGE SUMVARY EXPLANATI ON:

(U Schedule: Not applicable
(U Technical: Not applicable.

(U OTHER PROGRAM FUNDI NG SUMVARY:

(U RELATED RDT&E:

FY 1999

87,698
-1, 281
-2,532

- 399

-9,129

74, 357
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FY 2000

77,957
104, 107

-10, 357
26, 150
-517

93, 233
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FY 2001

82, 631

-13, 307

-1, 248
68, 076
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PEs 0601102A, 0601102F, 0601153N (Def ense Research Sci ences)
PEs 0602105A, 0602102F, (Materials Technol ogy)

0602705A, (Electronics and El ectronic Devices)
0602204F, (Aerospace Avionics)

0602709A (N ght Vision Technol ogy)

0602702F (Conmand, Control and Conmuni cati ons))
0602303A (M ssil e Technol ogy)

0602601A (Conbat Vehicle and Aut onotive Technol ogy)
0602786A (Logi stics Technol ogy)

0602111N (A r and Surface Launched Weapons Technol ogy)
0602121N ( Shi p, Submarine and Logi stics Technol ogy)
0602122N (Aircraft Technol ogy)

0602314N (Undersea Warfare Surveill ance Technol ogy)

D. (U) SCHEDULE PRCFILE: Not applicable
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